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DESCRIPTION 
BRUSHLESS MOTOR 

Technical Field 

The invention relates to a brushless motor, or in 
particular to a structure of a brushless motor for 
transferring heat generated in switching elements thereof. 

Background Art 

A brushless motor needs switching elements for turning 
on or off electric power to be supplied to coils of the 
stator. Because the switching elements generate heat much, 
it is necessary to let the heat out. 

In an example of a structure of a brushless motor for 
transferring the heat generated in the switching elements, 
a base of a circuit board provided in the brushless motor 
is made of a metal, and the base is fixed to stator iron 
cores (for example, Japanese Patent laid open Publication 
4-161037/1992) . The heat generated in the switching 
elements is conducted to the base of the circuit board and 
further to the stator iron cores. The stator iron cores 
have a function similar to radiation fins, and the heat is 
radiated effectively through the stator iron cores. 

However, because the heat generated in the base 
conducts through the metallic base of the circuit board, 
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the temperature of the circuit board becomes higher. 
Therefore, it is a problem that components other than the 
switching elements, mounted on the circuit board are 
affected by the heat. 

Disclosure of Invention 

An object of the invention is to provide a brushless 
motor which can effectively transfer the heat generated by 
the switching elements in the brushless motor. 

A brushless motor according to the invention has a 
stator, a rotor and a circuit board 4 for controlling 
rotation of the rotor. The stator has stator iron cores 1 
and coils 2 wound around the cores. Switching elements 3 
for turning on and off electric power to be supplied to the 
coils 2 for the stator are mounted to the circuit board 4. 
Further it has a heat-radiating member 5 fixed to the 
stator iron cores 1. Then the heat generated in the 
switching elements are diverged effectively to the heat- 
radiating member 5 and further to the stator iron cores 1, 
which have a function of heat-radiating fins for effective 
heat radiation. Because the heat is radiated by the heat- 
radiating member other than the circuit board, components 
other than the switching elements 3 on the circuit board 4 
are not affected by the heat. 

Preferably, in the brushless motor, two bearings 9, io 
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supports a shaft 8 of the rotor 7 rotatably at two ends of 
the shaft 8, and one of the bearings is supported by the 
heat-radiating member 5. Because one of the bearings for 
supporting the shaft is supported by the heat-radiating 
member 5, the length of the shaft 8 of the rotor 7 can be 
shortened, and the brushless motor can be made compact and 
have a light weight. 

Preferably, in the brushless motor, the switching 
elements 3 are contacted to the heat-radiating member 5. 
Thus the heat generated in the switching elements is 
radiated effectively. 

Preferably, in the brushless motor, the iron cores 1 
are screwed to the heat-radiating member 5. By using the 
screws 12, the heat conduction is improved. 

Preferably, in the brushless motor, each of the iron 
cores 1 of the stator has a bump protruding from an outside 
plane thereof, and the bump has a hole for screwing the 
iron cores to the heat-radiating member 5. The portion is 
also used for aligning the stators to a motor case of the 
motor . 

Preferably, the brushless motor further has a biasing 
member 13 which pushes the switching elements 3 
simultaneously to the heat-radiating member 5. Thus the 
heat generated in the switching elements is conducted 
effectively to the switching elements and further to the 
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heat-radiating member 5, so that the temperature rise is 
suppressed. Further, only one biasing elements pushes the 
switching elements 3, increase in the number of the 
components in the motor is kept minimum. 

Preferably, the brushless motor further has a cooling 
fan 11 for cooling the switching elements 3 and the coils 2, 
and the cooling fan 11 is fixed to a shaft 8 of the rotor 7. 
When the rotor is rotated, the cooling fan 11 sends air 
towards the switching elements 3 and the coils 2 for 
cooling, and this suppresses the temperature rise in the 
motor. Thus, the brushless motor can be made more compact 
and have a lighter weight. 

Brief Description of Drawings 

Fig. 1 is a sectional view of a brushless motor 
according to an embodiment of the invention. 

Fig. 2 is a perspective view of the brushless motor 
shown in Fig. 1. 

Fig. 3 is another perspective view of the brushless 
motor along a direction different from that in Fig. 2. 

Fig. 4 is a sectional view of a brushless motor 
according to another embodiment of the invention. 

Fig. 5 is a perspective view of the brushless motor 
shown in Fig . 4 . 
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Best Mode for Carrying Out the Invention 

A brushless motor according to the invention are 
explained below with reference to the appended drawings, 
wherein like reference characters designate like or 
corresponding parts throughout the several views. 

Figs. 1 to 3 show a brushless motor of a first 
embodiment of the invention. As shown in Fig. 1, the 
brushless motor of an inner rotor type has a rotor 7 in a 
stator 6. The rotor 7 is fixed to a shaft 8 supported by 
two bearings 9 and 10. The stator 6 has a cylindrical 
insulator 14 made of a material such as resin, six iron 
cores 1 press fit therein, and six coils 2 wound around the 
iron cores 1. The iron cores 1 of the stator 6 are 
composed of layered electromagnetic steel plates. 

A circuit board 4 for driving the rotor 7 is arranged 
near a side of the stator 6, and switching elements 3 such 
as field effect transistors are mounted on the circuit 
board 4 for turning on or off electric power to be supplied 
to the coils 2. A heat-radiating member 5 made of a metal 
such as aluminum having high thermal conductivity is 
connected to the iron cores 1, and it is also fixed with 
screws 15 to the circuit board 4. A lead 16 is provided 
for supplying electric power to the switching elements 3 
and the circuit board 4. The coils 2 of the stator 6 are 
connected electrically to the circuit board 4. The heat- 
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radiating member 5 is connected to a side of the stator 
iron cores 1, and the switching elements 3 are contacted to 
the heat-radiating member 5. 

An iron core 17 of the rotor 7 is arranged inside the 
stator 6 with a gap between them, and magnets 18 are fixed 
to the iron core 17 with an adhesive or the like. The 
shaft 8 of the rotor 7 is inserted at the center of the 
rotor iron core 17 as an integral body. The bearings 9, 10 
such as ball bearings support the shaft 8 at two ends 
thereof, and a pinion 19 is mounted to an end of the shaft 
8. The stator 6 and the rotor 7 constructed as mentioned 
above are enclosed in a motor case (not shown) of the motor, 
and the bearings 9 and 10 are supported by the motor case. 

In the above-mentioned motor, an electric current 
flows in the order of the lead 16, the circuit board 4, the 
switching elements 3, the circuit board 4 and the coils 2, 
to rotate the shaft 8 of the rotor 7. The heat generated 
in the switching elements 3 is radiated effectively both 
from the heat-radiating member 5 and from the stator iron 
cores 1. The stator iron cores 1 play a role of heat- 
radiating ribs for effective heat radiation, and the heat- 
radiating member 5 conducts heat therethrough and radiates 
heat from the surface thereof. Because the heat can be 
radiated by the heat-radiating member 5 other than the 
circuit board 4, it is prevented that components other than 
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the switching elements 3 mounted on the circuit board 4 are 
affected by the heat. 

A cooling fan 11 is fixed onto the pinion 19 connected 
the shaft 8 of the rotor 7 at a side opposite to the heat- 
radiating member 5. when the shaft 8 is driven, the 
cooling fan 11 is also rotated with the shaft 8 to blow air, 
so that ambient air is taken into for cooling from the side 
of the heat-radiating member 5 and is exhausted through the 
switching elements 3 and the coils 2 towards the outside. 
Therefore, by driving the cooing fan 11, air taken. into the 
motor cools the switching elements 3 and the coils 2 
successively. Thus the motor can be made more compact with 
a lighter weight, and it can be prevented to deteriorate 
the characteristics thereof. 

Bumps 20 swelled towards the outside are provided on 
an external plane of each of the stator iron cores 1. They 
have throughholes, and screws 12 are inserted therein to 
engage the top thereof to the heat-radiating member 5. 
Thus, the stator iron cores 1 are connected thermally to 
the heat-radiating member 5. The bumps 20 of the iron 
cores 1 can also be used for alignment with the motor case. 
Because the iron cores 1 are fixed with the screws 12 to 
the heat-radiating member 5, the heat conduction through 
the heat-radiating member 5 is enhanced. 

A clip 13 is provided at the outside of the switching 
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elements 3 for biasing the switching elements 3 to contact 
with the heat-radiating member 5. The clip 13 is made of a 
metal such as stainless steel or copper having good 
elasticity and good heat radiation. Because the switching 
elements 3 are pressed by the clip 13 to the heat-radiating 
member 5, the temperature rise of the switching elements 3 
can be suppressed. Because the clip 13 is made of a metal, 
the heat radiation is improved. The clip 13 has a 
plurality of pressing fingers 13a, each of which abuts on 
the switching elements 3 so that the only clip 13 presses 
the switching elements 3 simultaneously. Because one clip 
13 is used for pressing the plurality of switching elements 
3, increase in the number of the components mounted on the 
circuit board 4 can also be kept small. The clip 13 has an 
M-character-like shape when observed in a section, and the 
center of the clip 13 is contacted and fixed with screws 21 
to the heat-radiating member 5. Then the displacement of 
the clip 13 can be increased. By screwing the center of 
the clip 13 with the M-character-like section to the heat- 
radiating member 5 with the screws 21, the pressure applied 
to the switching elements 3 is increased so as to improve 
the heat conduction between them, and the heat can be 
radiated more effectively. 

Figs. 4 and 5 show a brushless motor according to 
another embodiment of the invention. Only different points 
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from the brushless motor shown in Figs. 1 to 3 are 
explained here. In this motor, the heat-radiating member 5 
has a concave 22 for fitting and supporting the bearing 9 
for the shaft 8. The other bearing 10 is supported by the 
motor case (not shown) of the motor. Because one of the 
bearings 9 is supported by the heat-radiating member 5, the 
length of the shaft 8 can be shortened. Thus the motor can 
be made more compact with a lighter weight. 

In the above-mentioned brushless motors according to 
the invention, the heat generated by the switching elements 
is conducted to the heat-radiating member and from the 
heat-radiating member to the stator iron cores effectively. 
The stator iron cores have a function as heat-radiating 
fins for effective heat radiation. Further, because the 
heat is radiated by the heat-radiating member other than 
the circuit board, it is prevented that components on the 
circuit board other than the switching elements are 
affected by the heat. 

Although the present invention has been fully 
described in connection with the preferred embodiments 
thereof with reference to the accompanying drawings, it is 
to be noted that various changes and modifications are 
apparent to those skilled in the art. Such changes and 
modifications are to be understood as included within the 
scope of the present invention as defined by the appended 
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